Background: To investigate the association between fasting blood glucose (FBG) levels and the risk of incident primary liver cancer (PLC) in Chinese males, a large prospective cohort was performed in the current study.
However, a consensus regarding the association between FBG level and the risk of PLC has not been reached, leaving evidences to be further accumulated.
The recent study reported that FBG level has been steadily increasing in general population of China (Vaidya et al, 2016) . The research on the association of PLC risk to FBG level might be helpful for identifying an important and potentially modifiable exposure of PLC, in additional to hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, and meaningful for preventing PLC development. Therefore, in the present study, we conducted a large cohort established in the Kailuan group and aim to explore the association between levels of FBG and risk of PLC in Chinese males.
MATERIALS AND METHODS
Study design and population. The data were obtained from a health examination of employees of the Kailuan Company in the city of Tangshan, Hebei Province, north of China. Tangshan is situated about 90 miles southeast of Beijing and represents the overall Chinese population from a socio-economic perspective (Xue et al, 2013; Wang et al, 2015) . Over the past few decades, Kailuan Group has developed a comprehensive company managing coal production, machine manufacture, transportation, chemical production, education and health care, etc. Eleven hospitals are affiliated with the Kailuan Company and in charge of the every 2-year health examination of employees.
Participants who met the criteria as follows were enrolled in the present study: (1) males older than 18 years; (2) signing informed consent; (3) completing the questionnaire interview; (4) providing blood samples at baseline. In case of the potential survival bias, subjects who were diagnosed with any prevalent cancer before baseline checkup were excluded from the study.
The study was performed according to the guidelines of the Helsinki declaration and was approved by the Medical Ethics Committee of Kailuan General Hospital. Informed consent was obtained from all individual participants included in the study.
Exposure assessment and laboratory tests. Face-to-face interviews were performed by trained physicians or nurses for all subjects using standardised questionnaires to collect information of potential risk factors at baseline entry. Smoking was defined as tobacco smoking at least one cigarette per week for more than 6 months. Alcohol drinking was defined as drinking at least once per month for more than 6 months. Body weight and height were measured while participants were wearing light clothes without shoes, and the body-mass index (BMI) was calculated according to the equation that BMI ¼ weight (kg)/height (m 2 ). The morning fasting venous blood of all subjects were obtained to detect HBsAg and FBG. The enzyme-linked immunosorbent assay for HBsAg (SHANGHAI KEHUA BIO-ENGINEERING, KHB) was applied to detect HBsAg quantitatively. All of the tests were conducted in the central laboratory of the Kailuan General Hospital by standard operating procedure. We divided baseline FBG levels into four categories according to WHO standard: Low FBG (LFBG, o3.9 mmol l À 1 ), the normal (3.9 À o6.1 mmol l À 1 ), impaired fasting glucose (IFG, 6.1 À o7.0 mmol l À 1 ) and diabetes mellitus (DM, X7.0 mmol l À 1 ) (WHO, 1999) .
Outcome ascertainment. We followed participants beginning at the baseline examination and ending at occurrence of cancer, death, or 31 December 2013, whichever event came first. Incident cancer cases in the cohort were collected by tracking subjects when they participated in the every 2-year routine health examination until 31 December, 2013. In addition, medical records from Tangshan medical insurance system and death certificates from Kailuan social security system were checked yearly to get outcome information that may have been missed. Moreover, the outcome information was further confirmed by checking discharge summaries from the 11 affiliated hospitals where participants were treated and diagnosed once a year . The diagnosis of incident liver cancer was confirmed by medical records review by clinical experts. Information of pathological diagnosis, imaging diagnosis (including ultrasonography, computerised tomographic scanning and magnetic resonance imaging), blood biochemical examination and alpha fetoprotein test was collected for the incident PLC cases assessment. Cancers were coded according to the International Classification of Diseases, Tenth Revision (ICD-10) and PLC was coded as C22.
Statistical analysis. Categorical variables were described by percentages and compared using the Chi-square test. Cox proportional hazards regression models adjusted for suspected confounders were used to calculate HRs and 95% confidence intervals (CI) for baseline FBG levels and incident PLC, with adjustments for age group (10-year interval), education level (illiterate or primary school, junior high school, senior high school, and college and above), income status (o500 yuan per month, 500-1000 yuan per month, and 41000 yuan per month), HBV infection status (HBsAg negative/positive), BMI (continuous variable), frequency of smoking (non-smoker, ex-smoker, o1 cigarette per day, and X1 cigarette per day), and frequency of alcohol drinking (never and past drinker, o1 time per day, and X1 time per day). Subgroup analyses were performed by HBsAg status, BMI, cigarette smoking status and alcohol drinking status. The restricted cubic spline (RCS) analysis was used in the multivariate Cox proportional hazard model to explore the association between continuous FBG and PLC in the study (Desquilbet and Mariotti, 2010) . Addictive model was applied to evaluate the synergisms between FBG level and HBsAg infection (de Jager et al, 2011) . Synergism index (S) and its 95% CI were calculated to assess the deviation of the addictive model of no interaction: S ¼ (HR11-1)/[(HR01 þ HR10)-2]. As the value of S equal to unity represented additivity, value greater than unity was interpreted as super additivity and synergism (Rothman, 1976; Lundberg et al, 1996) . As a sensitivity analysis, we further excluded 5420 participants who took antidiabetic medications, including oral antidiabetics use and insulin use, and 85 participants who occurred PLC within the first 2 years after entry to the cohort. The data management and all analyses were conducted using SAS statistical software, version 9.4 (SAS Institute). Po0.05 was considered statistically significant.
RESULTS
Baseline characteristics of participants. Total of 109 169 males were recruited in this study with the mean age of 51.33 years. The prevalence of IFG (6.1pFBGo7.0 mmol l À 1 ) and DM (FBGX7.0 mmol l À 1 ) was 9.15% and 8.64% among the males, respectively. Selected baseline characteristics of participants in the Kailuan male cohort were listed in Table 1 . The rate of current smoking and alcohol drinking were 42.13% and 45.46%, respectively, as well as the prevalence of HBsAg was 3.21% among the population. The FBG levels were higher in older males (X50 years) and among those who with lower education level (Illiterate or primary school) and BMIX25.0 kg m À 2 , compared with younger males (o50) and those with higher education level (Po 0.001) and lower BMI (Po0.001) ( Table 1 ).
The association between FBG level and PLC risk. By 31 December 2013, a total of 267 newly diagnosed primary liver cancer cases with 659 232.27 person years accumulated with a median follow-up of 6.89 years in the Kailuan male cohort. The percentage of diagnosis of PLC by pathology and imaging tests were 21.72% (58/267) and 47.94% (128/267), respectively. Among the 186 cases with either pathological or imaging diagnosis, there were 164 (88.17%) cases of hepatocellular carcinoma (HCC), 20 (10.75%) cases of intrahepatic cholangiocarcinoma (ICC) and 2 (1.08%) uncertified cases.
The males with IFG and the DM were associated with a 56% (95% CI: 1.08-2.24) and a 51% (95% CI: 1.03-2.20) higher risk of incident PLC, compared with the subjects with normal FBG, respectively (Table 2 ). After adjustment of age, education level, income level, HBsAg infection, BMI, and frequency of smoking and alcohol drinking, significantly higher risk of PLC was found related to IFG (HR ¼ 1.60, 95% CI: 1.09-2.35) and DM (HR ¼ 1.58, 95% CI: 1.07-2.34).
Subgroup analyses showed that the IFG increased the risk of incident PLC especially in the non-smoker (HR ¼ 1.73, 95% CI: 1.01-2.98), current drinker (HR ¼ 1.80, 95% CI: 1.03-3.16). While DM could increase the risk of PLC incidence, especially in the males who were HBsAg-negative (HR ¼ 1.89, 95% CI: 1.16-3.09) and with normal weight (HR ¼ 1.76, 95% CI: 1.05-2.94) ( Table 2 ).
The RCS model showed a positive dose-response but non-linear association between the level of FBG and the PLC risk among the subject (P-overall ¼ 0.041, p-non-linear ¼ 0.049) (Figure 1 ). As the 20th quintile of FBG (4.6 mmol l À 1 ) was chosen to be the reference, the HRs of PLC related to FBG levels rise sharply and then steadily when FBG levels was over 7.0 mmol l
Interaction analysis between the levels of FBG HBV infection status. The independent and joint effects of FBG levels and HBV infection on the risk of PLC were analysed. The males with HBsAg positivity had a significantly higher risk of PLC (HR ¼ 31.73, 95% CI: 24.39-41.28) than the males with HBsAg negativity. However, there was no evidence of interaction effect between FBG levels and HBsAg infection status, considering that the estimated synergism index was not statistically significant (IFG: S ¼ 1.59, 95% CI ¼ 0.70-2.15; DM: S ¼ 1.11, 95% CI ¼ 0.53-2.06). Additionally, the interaction effects between FBG levels and smoking Sensitivity analysis. After excluding males with antidiabetic medications use history (n ¼ 5420), we found that compared with the males with normal FBG, the males with IFG (HR ¼ 1.65, 95% CI: 1.11-2.45) still had an increased risk of all incident PLC cancers. In addition, excluding participants who occurred PLC within the first 2 years after entry to the cohort, there was still a positive association of the risk of PLC related to DM (HR ¼ 1.62, 95% CI: 1.02-2.59; Table 3 ). The results of sensitivity analyses concerning the major potential confounders cannot alter the main findings. 
DISCUSSION
In this large prospective cohort study among Chinese males, we found that FBG levels are modestly associated with increased risk of PLC, which could be modified by HBsAg infection, BMI, tobacco smoking and alcohol drinking status. In addition, FBG level was non-linearly related to PLC risk among target males. To our knowledge, this is the first prospective study to explore the association between the FBG level and the risk of PLC among general males in mainland China. Findings that high FBG level was associated with a statistically significantly increased risk of primary liver cancer in males of this study are in line with observations in the exiting four prospective cohort studies as follows. The prospective cohort study in Korea found that FBG level of 6.1-6.9 mmol l À 1 and 7.0-7.7 mmol l À 1 for males might increase the risk of liver cancer incidence (HR ¼ 1.16, 95% CI: 1.07-1.27; HR ¼ 1.45, 95% CI: 1.24-1.70) referred to FBGo5.0 mmol l À 1 (Jee et al, 2005) . Compared to the group of FBGo5.6 mmol l À 1 category, a study observed that the risk of HCC in Japanese men and women was 75% higher in those with FBGX5.6 mmol l À 1 (Inoue et al, 2009) , while the study based on Korean Multi-Center Cancer Cohort showed that DM increased two-fold risk of liver cancer (Gwack et al, 2007) . The study conducted in 140 000 adults in Austria demonstrated a strong association between high level of FBG and risk of liver cancer in males (6.1pFBGo6.9 mmol l À 1 : HR ¼ 3.50, 95% CI: 1.28-9.60; FBGX7.0 mmol l À 1 : HR ¼ 4.58, 95% CI: 1.81-11.62), in comparison with FBG between 4.2 and 5.2 mmol l À 1 (Rapp et al, 2006) . However, no association was found among 578 700 Europeans (Borena et al, 2012) , and among the HBV carriers in Taiwan after adjustment of insulin (Chao et al, 2011) .
Several possible mechanisms might explain the association between high FBG and increasing risk of PLC. Basic research found Adjusted for age (10-year interval), education level (illiterate or primary school, junior high school, senior high school, and college and above), income status (o500 yuan per month, 500-1000 yuan per month, 41000 yuan per month), HBsAg infection status (negative and positive), BMI, frequency of smoking (non-smoker, ex-smoker,o1 cigarette per day, X1 cigarette per day, frequency of alcohol drinking (never and past drinker, o1 time per day, X1 time per day).
that high glucose concentration was capable of accelerating tumourigenesis in humans though its damage to DNA (Pereira et al, 2013) . Hyperglycaemia and its related conditions, such as chronic oxidative stress and the accumulation of advanced glycation end-products, might act as carcinogenic factors (Abe and Yamagishi, 2008; Qiao et al, 2016) . Additionally, glucose catabolism could promote the proliferation of cancer cells by triggering quiescence exit (Laporte et al, 2011) , insulin resistance, as well as stimulating insulin-like growth factor I (IGF -1) (Pollak, 2008; Rajpathak et al, 2009 ) and Erk1/2 phosphorylation (Zhang et al, 2015) . Meanwhile, high glucose exposure also enhances the adhesion, migration and invasion of ICC cells via STAT3 activation (Saengboonmee et al, 2016) . The prevalence of HBsAg was 3.21% in the present study, which was similar to the HBsAg prevalence (o 4%) among north Chinese reported previously (Yin et al, 2010) . As it has been reported widely that HBsAg has a very close linkage with HCC or liver cancer incidence (Lin and Kao, 2013; Yang et al, 2016) , our study also proved the significant association between HBV positivity and the risk of PLC (HR ¼ 31.73, ). The obesity was also reported to be closely associated with glucose concentration (Fu et al, 2013; Ek et al, 2015) and liver cancer, which was attributed to insulin resistance and IGF-1 regulating. Furthermore, IARC has classified cigarette smoking as a causal risk factor for liver cancer since 2004 (IARC, 2014 , considering the DNA damaging effect of several compounds in tobacco smoking and the response of liver plays in the metabolism of these compounds (Staretz et al, 1997; Christmann and Kaina, 2012) . Therefore, when these established risk factors play a leading role in the development of PLC, the effect of FBG might be weakened. However, for the HBV negative, non-smokers and the males with normal weight, the increases of FBG showed a significant effect on the development of PLC. The results of the present study showed that increased FBG might be an important and potentially modifiable exposure that could have key scientific and clinical importance for preventing PLC development, in addition to HBV vaccination, tobacco control and keep healthy weight.
Alcohol drinking may increase 87% risk of liver cancer incidence (Pei et al, 2008) , and attribute to 15.7% of liver cancer deaths in Chinese population (Fan et al, 2013) . Studies have suggested that increased FBG was independent risk factor of the development of fibrosis in alcohol-related hepatic disease because insulin resistance appeared to be a central pathophysiologic feature (Raynard et al, 2002) . Besides, it has been reported that alcohol consumption might exacerbate the effect of DM on the development of HCC (Balbi et al, 2010; Raff et al, 2015) . Consequently, our finding that increased PLC risk related to evaluated FBG especially among current drinkers was consistent with the studies above.
There are several strengths and limitations that should be noted when interpreting the results of our study. The major limitation of our study was the follow-up time (B7.67 years) was relatively short, which precluded an evaluation of analysis by subtypes of PLC, for example, ICC and HCC, due to small case numbers. Another limitation is the information collection for potential risk factors of PLC was not detailed enough such as the lack of the amount of cigarette smoking and alcohol drinking, which leads to the impossibility to assess the confounders more precisely. HCV was not detected in the study, however, which plays a little less effect on PLC development in Chinese than in other Asian population (de Martel et al, 2015) . The most important strength of our study is that it was a large population-based prospective cohort study, which minimises the possibility that the associations observed in our study are due to early disease effects compared with retrospective studies; though as noted, future analyses will be needed to rule out this possibility. In addition, strengths of our study included a high participation (78.60%), high percentage of collection of blood samples (99.16%) and almost 100% follow-up rate among the study population for well-organised 2-year health examination of employees, and comprehensive health system including medical records, death certificates and health insurance in City of Tangshan. Moreover, the detection of FBG centralised at Adjusted for age (10-year interval), education level (illiterate or primary school, junior high school, senior high school, and college and above), income status (o500 yuan per month, 500-1000 yuan per month, 41000 yuan per month), HBsAg infection status (negative and positive), BMI, frequency of smoking (non-smoker, ex-smoker,o1 cigarette per day, X1 cigarette per day, frequency of alcohol drinking (never and past drinker, o1 time per day, X1 time per day).
the central laboratory of Kailuan hospital , minimising the detection bias. In summary, our study provides further evidence that higher level of FBG is modestly and non-linearly associated with increased risk of PLC in Chinese males. The findings indicate that the FBG surveillance could be one of the scientific and important ways to identify the high-risk population of PLC. The well control of FBG might be served as a possible primary prevention for further decrease of PLC among the Chinese males who experienced the national vaccination since 1990s and just in the time of steadily increasing of FBG in general Chinese population.
